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Abstract 
 
Two technologies of the G17CrMo 5-5 cast steel melting were compared, i.e. the so far used oxygen-recovery melting technology (electric 
arc furnace + ladle furnace – EAF + LF) and a new recovery melting technology (electric induction furnace + ladle furnace - EIF + LF). 
The effect of the melting technology on the properties of cast steel for turbine parts was determined. The cast steel was evaluated in term of 
its metallurgical purity and mechanical properties. During melting of G17CrMo 5-5 steel in induction furnace, lower total content of 
oxygen in casting was reached, but nitrogen content was higher than it was in the cast steel from arc furnace. Metal refining in LF 
improved the steel desulphurising degree and contributed to modification of the non-metallic inclusions.  
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1. Introduction 
 
The increasing demand of the power industry for high-quality 
low-  and  high-alloyed  steel  castings  demands  from  foundries 
continuous  modernisation  and  implementation  of  advanced, 
innovative technologies. This also involves the process of making 
castings of an increasing weight from high-alloyed cast steels. In 
addition,  rising  costs  of  electric  energy  and  higher  prices  of 
alloying elements force process engineers to seek more economic 
and  environment-friendly  technologies  combining  high 
performance  and  low  power  consumption  with  the  greatest 
possible recovery of alloying elements from foundry home scrap. 
Facing these challenges, the ALSTOM Power Metallurgical Plant 
has prepared a long-term investment programme to speed up the 
start of production of high-quality iron alloy castings. Guided by 
the principle of BAT (Best Available Technology), the Plant has 
decided  to  purchase,  among  others,  a  modern  30Mg  capacity 
induction  furnace  for  melting  of  steel  for  castings  [1,  2].  It 
guarantees  the  production  of  new  grades  of  high-alloyed  cast 
steels and enables increasing the production capacity due to the 
specific demand for molten metal increased by additional 30Mg 
[3].  
 
 
2. Methods investigation 
 
The G17CrMo 5-5 steel used for turbine castings (Table 1) 
was  melted  in  electric  arc  furnace  (in  an  oxygen-recovery A R C H I V E S   o f   F O U N D R Y   E N G I N E E R I N G   V o l u m e   1 0 ,   I s s u e   4 / 2 0 1 0 ,   1 3 3 - 1 3 6  134 
process)  and  in  a  new  induction  ABP  furnace  (in  a  recovery 
process). In both technologies, the charge for the furnace was in 
65-85% composed of home alloy scrap. The charge weight was 
similar  in  both  cases  and  amounted  to  about  26Mg.  In  both 
technologies, the out-of-furnace treatment of the liquid metal was 
carried out in LF (secondary metallurgy).  
 
Table 1.  
Chemical composition of the examined cast steel [wt%] 
Cast steel type 
(wg PN- EN10213) [4]  C  Si  Mn  Cr   Mo  Ni  V  Cu  Al 
G17CrMo 5-5  0,15 
0,20 
0,30 
0,60 
0,50 
0,80 
1,0 
1,5 
0,45 
0,50 
max 
0,40 
max 
0,03 
max 
0,3 
max 
0,03 
 
The technology of a recovery steel melting in induction 
furnace  covered  the  following  stages:  charging,  melting, 
deoxidising and tapping into a ladle. The processes of melt 
refining, making up of chemical composition and additional 
heating,  if  necessa ry,  were  performed  during  out -of-furnace 
metal treatment using synthetic slag. In both cases, the refining 
operation took the time of about 90 minutes. 
The  technology  of  oxygen -recovery  steel  melting  in  arc 
furnace  included  the  following  stages:  charging,  melting, 
oxidising (P, C, Mn, Si) and tapping into a ladle. The out -of-
furnace metal treatment with synthetic slag was similar to the 
process carried out on metal melted in induction furnace.  
Samples  for  the  measurement  of  changes  in  gas 
concentration were taken during melting at the following stages 
of the process: after melting, before tapping of metal from the 
furnace  into  a  ladle,  from  LF,  and  from  casting.  Gas 
concentration was determined on a LECO TC -436 apparatus; 
sulphur concentration was determined on LECO CS 244. The 
identification  of  non -metallic  inclusions  and  testing  of 
mechanical properties were carried out on specimens cut out 
from the cast-on test pieces. The mechanical properties were 
determined in static tensile test (EN 10002-1). Impact resistance 
was  examined  on  standard  V -notched  specimens.  The  non -
metallic inclusions were analysed under scanning microscope 
equipped  with  EDAX  energy  dispersive  X -ray  spectroscopy 
system.  A  SEM -EDAX  set  enabled  qualitative  analysis  of 
inclusions in selected microregions. 
 
 
3. Results and discussion 
 
The results obtained for G17CrMo 5-5 steel can be grouped 
according to the following criteria: 
  metallurgical  purity  (content  of  oxygen,  nitrogen  and 
sulphur and of non-metallic inclusions), 
  mechanical properties (Rm, R0,2, A5, Z, KCV). 
Melting  of  G17CrMo 5-5  steel in  a  combined process  of 
electric induction furnace and molten metal refining in LF ensures 
low  total  oxygen  content  not  exceeding  19ppm.  In  casting,  an 
insignificant increase of oxygen content by 4-6ppm was observed. 
The obtained values are over two times lower than the oxygen 
content  obtained  in  a  technology  combining  arc  furnace  and 
refining of molten metal in LF (EAF+LF). For this technology, at 
the final stage of the LF refining process, the concentration of 
oxygen was 35ppm and 38ppm in casting, respectively (Fig. 1). A 
reverse  relationship  was  obtained  in  the  case  of  nitrogen.  The 
EAF+LF  melting  technology  ensured  lower  concentration  of 
nitrogen  in  casting  (91ppm)  compared  with  EIF  +  LF  (120-
125ppm). 
The efficient melt deoxidation and LF refnining resulted in a 
low  content  of  the  non-metallic  inclusions  [5÷7].  Complex 
deoxidation of steel with elements like Al, Mn, Si, Ti or Ca-Si 
aimed at the formation of fine oxide inclusions Al2O3-CaO-TiO, 
which would act as ferrite nucleation centres without any adverse 
impact  on  mechanical  properties  [6].  The  investigations  have 
proved that large non-metallic inclusions were eliminated. Most of 
the examined inclusions present in casting were complex globular 
forms of dimensions not exceeding 5µm, composed of an oxide 
core (containing Al, O and Ti) and an envelope containing mainly 
elements like Ti, N, C (Fig. 2, Table 2). In microstructure of the 
casting made from steel melted by both technologies, the presence 
of fine precipitates rich in elements such as Ti, N and C was also 
traced. This fact indicates the presence of (Ti(C,N) carbonitrides, 
(Fig. 3) 
 
 
Fig. 1. Changes in oxygen and nitrogen content during melting of 
steel for castings  
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Table. 2 
Content of main elements in a complex precipitate shown in 
Fig. 2 
Point  Chemical composition at points shown in Fig. 2 [wt%] 
C  N  Ti  Al   Mg  Fe  O 
1  4  16  59  <1  -  8  - 
2  -  -  52  11  5  5  14 
 
 
 
 
Fig. 3. Ti(C,N) inclusions in cast steel, SEM image with phase 
analysis 
 
Melting of steel in arc furnace enables desulphurising to be 
carried out in furnace (sulphur content reduced by 0,005%, 
compared to after-melting analysis) [3]. 
The correctly run process of deoxidation  and molten metal 
treatment with synthetic slag in LF, combined with simultaneous 
intense stirring of the melt with argon jet, enabled sulphur content 
to be reduced at the final stage of refining to 0,005% in both 
examined melting technologies (EAF+LF and EIF+LF).  
The results of mechanical tests are presented in Figs. 4 and 5. 
Based on the obtained results of mechanical tests  (Rm, R0,2, A5, 
KCV),  some  insignificant  differences  between  the  examined 
technologies were observed, but the results were comprised in a 
standard range of values anticipated for G17CrMo 5-5 grade [5]. 
 
 
 
 
Fig. 4. Mechanical properties of G17CrMo5-5 cast steel 
 
 
Fig. 5. Plastic properties of G17CrMo 5-5 cast steel 
 
 
4. Conclusions 
 
From  the  studies  carried  out  so  far  the  following  conclusions 
follow: 
  Compared to arc furnace (38ppm), melting of G17CrMo 5-5 
steel in induction furnace enables obtaining a very low level 
of  total  oxygen  in  casting  (24  ppm),  On  the  other  hand, 
higher  nitrogen  concentrations  can  be  expected  in  steel 
melted in induction furnace, reaching in casting the level of 
122-125ppm.  In  arc  furnace  technology,  the  nitrogen 
concentration level was 91ppm. 
  Refining  of  molten  metal  in  LF  ensures  efficient 
desulphurising and modification of non-metallic inclusions. 
The concentration of sulphur in molten steel after refining in 
LF was reduced to 0,005%. 
  Insignificant  differences  were  traced  between  the 
mechanical  properties  of  G17CrMo  5-5  steel  melted 
according  to  the  above  mentioned  technologies,  but  the 
obtained results complied with the demands of a respective 
standard concerning this cast steel G17CrMo 5-5grade.  
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